How are the identities of olfactory neurons specified? olfactory coding. We have found that neuronal identity By analogy to other processes, such as early embryonic relies on the abnormal chemosensory jump 6 (acj6) development in Drosophila, the generation of ORN phe- 
Figure 1. Isolation of New acj6 Alleles with the "Bump Assay"
We mutagenized CS-5 (Helfand and Carlson, 1989) wild-type males and crossed them to y w cv cm l(1)ogre jnl1 g acj6 1 sd f/FM6 females. Approximately 300 progeny of all genotypes were placed in a fresh culture bottle. The bottle was then bumped on a benchtop to knock the flies to the bottom of the bottle. The lid was then removed for 15 s, and flies remaining in the bottle were saved for further analysis. The bumping and removing of the lid was done inside a large box in order to contain the escaping flies. We typically carried out three cycles of the bump procedure and then took receptor potential recordings from olfactory organs of the remaining CS-5/y w cv cm l(1)ogre jnl1 g acj6 1 sd f females to identify new acj6 mutants.
Here, we describe the identification of Acj6 as the Acj6 is a POU-Domain Transcription Factor A partial cDNA of the class IV POU-domain transcription POU-domain transcription factor I-POU. We show it is expressed in olfactory organs during development, befactor gene, I-POU, was previously shown to hybridize to 13C1-2 on polytene chromosomes (Treacy et al., ginning at the time of ORN differentiation, and also in mature ORNs. We show that loss of Acj6 function causes 1991). We cloned ‫001ف‬ kb of genomic DNA flanking P(AS438) and determined the genomic organization of specific changes in the responses of individual ORNs, with one set of neurons acquiring a novel odor sensitivity the I-POU gene. We found that all three X-ray-induced mutations of acj6 disrupted the I-POU locus ( Figure 3A) , and a second set of neurons losing odor sensitivity. These results indicate a role for the Acj6 POU-domain transcription factor in determining the odor specificity of ORNs.
Results

New acj6 Alleles Isolated with a Novel Behavioral Paradigm
To investigate the molecular basis of acj6 function, we first screened for new alleles. We designed a novel behavioral paradigm based on an additional phenotype of acj6, reduced mobility (Figure 1 ). Several hundred flies were placed in a culture bottle and allowed to run up the sides. The bottle was then bumped against a lab bench such that the flies fell to the bottom of the bottle. The lid of the bottle was then removed for 15 s, during which time most wild-type flies escaped, whereas acj6 1 flies did not. Specifically, in reconstruction experiments with a mixture of wild-type and acj6 1 flies, 90%-95% of the wild-type flies left the bottle in 15 s while 0% of the acj6 1 flies left the bottle. Following mutagenesis, we used the bump paradigm to carry out three cycles of enrichment for new alleles of acj6. We isolated three new X-ray-induced alleles viable. All four new alleles have both impaired mobility (A) acj6 alleles. Two-to seven-day-old males were tested. "ϩ" refers and reduced amplitudes in recordings of receptor poto CS-5, the parental strain from which the alleles were derived. n ϭ 10 for each genotype. Error bars are too small to be seen in some tentials from adult olfactory organs (Figure 2A) responds to several of the tested stimuli: it responds most strongly to ethyl acetate and moderately to several an individual sensillum, or sensory hair. Based upon its amplitude and shape, each action potential from a others, of which an illustrative subset is shown in Figure  5 . The wild-type 1B neuron, by contrast, is narrowly tuned: recording can be assigned to a single neuron in the sensillum under study (Guillet and Bernard, 1972; Fuji- it responds strongly to 4-methylphenol, but shows no response to the other tested odors. In acj6, we found shiro et al., 1984; Arora et al., 1987; Getz and Akers, 1997). We have used this technique first to identify the sensilla with neurons that show the same response spectrum as the 1B neuron, i.e., a strong response to various wild-type ORNs based on their odor-induced responses and then to determine whether these neurons 4-methylphenol and nothing else. However, we never found a neuron with a response spectrum like 1A in acj6 are modified in the acj6 mutants.
We began our single-unit studies with the maxillary (Figures 4 and 5) . What happens to the 1A neuron in acj6 mutants? Our palp, one of the two olfactory organs in the adult fly, because of its numerical simplicity. On the surface of recording data suggest that 1A can take on two distinct identities. First, in some acj6 sensilla two 1B neurons the maxillary palp, there are 60 olfactory sensilla, with each sensillum housing just two ORNs (Singh and are found, as if the 1A neuron is transformed into a second 1B neuron ( Figure 5 ). Second, in other acj6 senNayak, 1985). We have mapped the entire maxillary palp and found that the 120 ORNs can be grouped into six silla a neuron that does not respond to any of the tested odors is found alongside a single 1B neuron, as if the spontaneous action potentials but does not respond to any of the tested odors ( Figure 5 ). 1A neuron is transformed into this unresponsive neuron. Similarly, in the type 3 sensillum, the 3A neuron also Thus, in acj6 null mutants, four of the six classes of maxillary palp ORNs are altered: wild-type 1A and 3A appears to become an unresponsive neuron that is housed alongside a normal 3B neuron ( Figure 5) . are never observed, and 2A and 2B are transformed into an ORN with a novel response spectrum and a second, acj6 alters the 2A and 2B neurons in a surprising manner. The wild-type 2A neuron responds weakly to most unresponsive ORN. 1B and 3B, by contrast, are unaffected by acj6 mutations; they retain their characteristic tested odors, and the wild-type 2B neuron is inhibited by some odors and excited by others ( Figure 5, "ϩ" odor response profiles. We note finally that the unresponsive neurons in each sensillar type did not respond column). We have found no sensilla on acj6 flies with neurons that have response spectra like either 2A or 2B.
to any of 50 additional odors tested, nor to mechanical stimuli, nor to changes in temperature or humidity, and Instead, on acj6 flies, we find sensilla that house a neuron with a novel response spectrum unlike any of the that the numbers of each sensillum type were normal in the acj6 6 maxillary palp. Single-unit recordings from wild-type neuronal classes ( Figure 5, acj6 . The hallmarks of sensilla with duplicated 1B neurons are: action potentials all of the same amplitude but at double the frequency, and the occasional occurrence of two nearly coincident spikes with overlapping waveforms yielding an increased amplitude, reflecting the nearly simultaneous firing of two neurons. Bar graphs without odor responses in the acj6 column indicate unresponsive neurons. In all three sensillar types, the unresponsive neurons often had a reduced frequency of spontaneous action potentials, and in some cases, spontaneous action potentials were absent altogether. The classes of neurons described in this figure were consistently found in Ͼ200 additional acj6 6 sensilla from which recordings were made. On a single acj6 6 fly, both a type 1 sensillum with a duplicated 1B neuron as well as a type 1 sensillum with an unresponsive neuron could be found. Results similar to those shown in the figure were also obtained from another allele, acj6 2 , presumed to be a null allele (n ϭ 5 recordings for each sensillum type, for all test odors). therefore used immunohistochemical techniques to exsegment, the olfactory organ whose development has been best characterized, Acj6 is first detectable in a few amine Acj6 expression patterns in developing and adult olfactory tissue. We used a monoclonal antibody genercells at ‫61ف‬ hr after puparium formation (APF) ( Figure  6a ). Interestingly, ‫61ف‬ hr APF is also when the earliest ated against a subregion of the Acj6 protein that is common to all isoforms. In the developing third antennal differentiating ORNs are found in the third antennal seg- Our finding that acj6, and perhaps other POU-domain found that the labels colocalized (Figures 6g-6j) digm to isolate new mutants of acj6, characterized them Another degree of freedom is afforded by alternative genetically, and determined that they contain molecular splicing of acj6. We have found evidence for at least lesions in a gene encoding a POU-domain transcription seven alternative splice forms of acj6, of which a subset factor. Through single-unit electrophysiology, we have is expressed in the adult maxillary palp. An intriguing found that the mutants contain alterations in the odor possibility is that different isoforms of acj6 specify differsensitivity of individual olfactory neurons. Thus, we have ent ORN classes. It is also possible that different isofound evidence that the acj6 transcription factor plays forms are required at different steps in the specification a key role in the logic by which the diverse identities of of ORNs. We have found that in acj6 null mutants, some olfactory neurons are generated, which is critical to the neurons do not respond to any tested odors whatsoever process of olfactory coding. Most interestingly, the results suggest that acj6 may regulate the expression of (e.g., the mutant 3A cell), whereas others respond to an 
